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(54) Process for its© removal of highly concentrated carbon tiioxide from Mgh-press&ra natural 



gas 

This invention relates; Id a process for r amoving 
^h|y c<^^ntfai^d 0Q 2 from rmh-presmm natural 
gas am recovering it si s high-pressure state. 

This process ftfcgpr&es the absorption ste# of 
bringing high-lessors nature gas having a C0 2 partial 
pressure of 2 kg/cm 2 or greater and a pressure of 3D 
kQ/cn-r or greater into g&a^cpd contact with a regener- 
ated GO r iean absorbing ?yd comprising a CC\> 
absorbing fluid ol which qiff arance in satumtsd CO? 
absorption ^^betwegn 40^0 and i2Q*C-.-te not less 
than 30 Nm 3 per im of $d\mt : «t a CQ^p^rM mmmm 
of 2 kg/crr^, whereby highly concentrated GO* p$ as&ni 
in the ^gh^ressora n^umr gas is absorbed \m the 
GOrtean ab^arbing .fluid to produce r^fln^ nature; gas 
h^inga ..^^^C^cx^m and a GQ s -r1ch absom- 

rich absorbing fiuid without dsprsssyrfelng it whereby 
high-preasure GQ 2 havsig e pressor a of 10 kg/cm^ or 
greater is Hbsmted aid a OO^Iean absorbing fluid Is 
f egeneratad and recycled lor use In i 
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Description 

Tm immmrmss t® m prmmswm removal of -fgjfify amcmtfMM Parkers dkmdB (GQ*) from higher essur^ 
natural §as< Mom pa^cu^r^ it relates to a process iw $m:rmmm of high; y ccn^ntmlsd 00^ fern Ngh^pr^um ^ 
yrat gas whereby, at a oatumi gas pmduoSon spot or the ^ C0 2 is s#&ra*ed and rm^Mlrom m colfeded $gfh 
& prtfcsiite natural gas Having a prelum of BO l^p£ or greater f theler :rn "pre^um^ ffltttris an -*b$aty$ 

pr^sdr#io produce rained natural gas, and whereby the separate GQ- can be obtained' m a r^aii*#y h^prsssura 

en underground SQUifSf, 

W. 2. Description of the related art 

.It may usually happen that naturas gas produced^ gas fleid covins ^ ^ppmd^ Blount of CQ^^cco^ns 
to the necessity for reducing the coat required to transport such natum* gas from Its prcdu^cn spot to a remote con- 
sumption pto, sod for sorting oalohfk; v^ue to the standard at the consumption oiacs> soma CO ? \B &mm%\$ 

m rmmM^^m^^w^oB rmnm nmml gas having si G0 2 dontant ranging from 2-3 vol% to ten-odd vti ,%, Q®n~ 
verMmmyMGQ? sSpmm by primary nailing at the natural gas production spot .or in; the n^ghborhcod thereof haB 
s&ttom hmn iMm&l That rs„ such CO? has been dumped direct into the atmosphere or has rarely been used as an 
i^etiibng&feif oil mm^ry m mim ffeid, Ac^ng& Me consk^on has be« given to the pressum of the 
SQ 2 -separated by the aforesaid refining prooses. 

3? in mm -ymr^; global warming due to an fecr9a# of atmoopheno C0 2 has come to be regarded as a problem, 
Accordingly the present situation is auch that -the GO £ separated \n the abo^described manner must be pressurized 
in order to in|eot it Imo an underground aquifer for me p^$$ $p%mm®t stooge er to use it pos&v^y for the pur- 
pose 4mm/<My^m% Bm®m k ®m *f the last that high-pressure natu^hgas is treated, the C% separated 
bra convents 

^ pressure- This is ^saovantageous in that, for the aooye-descrih^ purpose of permanent storage or tertiary ol recov^ 
mmm^^mwm^km from a km pressure atmospheric pressure to a pressure of about ISO Kg/dm 2 

3S 

As s i'ssuitof intensive investigations on the ■sbovs^cssscrsbsd problgrrss soncsrnin§ ths rsrnovsiot GOg frem hs-u- 
raigasand thsdi^S^ ars#«p2s^ smpicsytng a spe- 

sffc process mmg, smanq venous absorbing fluids haying she ability b absorb GC% an s&sorbing flysd haying so-eased 
phpsai absorbing sow «hafact8n 2 «j by tbs marked t6mp.ersi.Mrs depsndsnce of saSurstsd SQa absorption JevC 
4$ SOg hawing a much hignsf pressure than tm obtained by seswsnijonarprocesses mn be separated at tow energy cost 
with much more sinipilsd squipment fen used 'm aonventionai systems. The- pf^^\mmmm3: &m:mrpi^ 
C;! ins :>:.y--i. est s rif5> tending. 

That is, fe present snvsn^on provides a niatho^ 
tbe atmosprme dunngihe csSectiDn of naturai^^g 
M urKiergmond during in conformsnee 

caftKjn msxm ts tse dumped Mo tbs ground wiiheut us;ng a compressor. »rnativety; it afeo snaoies fee separated 
eadssn dioxide to be rsferned to the top of an onderground Oil straium in an oB f ield. Thus, the intended object can be 

According; fe. fe pr^«nt tn^ention, there fe- provided a process for the remova! of highly coneentrat^d GGg from 
m hsgh^pressure naturar gas mm com^ises tie absorption step of bmQir^ high-pressum natumi gas having a C% par^ 
W#sss£i.ra of Z^^x^gmim m& a pressure of 30 ks^m a or greater Into s^s^uS oontaot with a regenerate 
QO^mn mmmgmm mmn^ a CO? atjso^ng fluid of whfeh the difference in satur^ dO s absorptbn tm® 
hmmm 40^G and I20*e Is BGt tess than SO perteof solvent at a CQ^ partlarpmesura of 2 ^/om 2 v wher^v 

^. duoe r^fn^; n^m! gas having a r.^ducsd . GO^, cpn^nt ami. a apsorbing ffeid; an^ the regsoeration mp of 

fe.0. Ci%r|clt: ^o^ without depressurteing ?i wh^re^y hish-pr^sum GO- h^ng a pfassure of 10 
or irsater is Jlberated a?^ 

After having abso^ed OOs, the c6> absorbing iUM mm in the present inv^fcn is regenerated h th# regenera- 
t^on slap whaa most of m CQ a ^ derated therafrani, mmm resoled fef yse In m mmpmtv^ Jn m prmm 
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kmm. *w QO^mm^m capacity of tae aforasald GC 2 absorbing fluid musibe such that the diffsmnca in saiu- 
rated GG> 2 absorption level between 48 S G and 120 9 G is not l ess than 30 Nm 3 per ton oisofvant. pfSfsrabiy nmless than 
mm? m m &mm, at a C0» partial pm&>m Gf2 kg&mA Usually; if the temperature and SG 5 partial orsssure 
ofa spscifi& ^o^ ffe^ srecM^h^. the saturated GG S absorption level shows a d^inijs vsiue basai sn tie . 

* saturated GG 2 absorption curve lor the specific absorbing fluid , almost regardless of the type of f 38 GOa-sorttaining 
gas. in the present Invention, CO?: is removed from h^h-prassura natural gas having a pressure of 30 kg/cm 2 or greater 
ty&em*®% into a GO r l®art absorbing (yd obtained by regenerating the CQ S absoi'bing fluid indfes sucoeedlng 
r^«^iofi:s^ a^'iN.-^ult^ C0 2 -rloh absorbing fluid is heated without substantially beprassorlziog It so as to 
Ils8ri^0^th^s^. Ac»pdi^y« if is prefers to use an absorbing fluid which can absorb GQ 2 easily at a relatively 

w low tompemture and a lower CG S partial pressure than In the regeneraflcmstap, and san liberate CG S easily wbap 
heated in the regeneration step, at a relatively high temperature and a relatively high CG a partial pressure. 

The temperature dependence of the saturated GQ 2 absorption level of an absorbing fluid depends largely on the 
types of the charcoal agent(s) and solvent constituting the adeeming fluid. In the present mMm, Ids bllferenc* in 
saturated GO s absonpaon level between 40 a G and: 120*0 ata serials G0 2 partial pressure a 0G 2 partial pressure 

n of 2 kg|cn#3 is employed as an Index to the ability of an absorbing fluid to absorb G0* In the absorotion step and liberate 
GG S whan boated In the regeneration step. Thus, there Is used an absorbing fluid of which the deference in saturated 
GO s absorption level between #G and 120*0 at a GG 2 partial pressors of S kgmm s is not less than 3d Nm 3 per ton 
of solved and preferably oct less than 40 Mm 3 per ton of solvent m particular limitation is piaeed pt? the type of the 
adsorbing m&> provided that its difference In saturated : GQj absorption level between 4S 5S G and 120*G at the aforesaid 

ae GG g partial pressure is not less than 30 Nm 3 per fan of solvent and It is stable at the heating temperature of the rsgad- 
sration stap. Moreover,: when the CO s partial pressure Is 2 k^cmn the saturated GG S absorption level at *C i! C serves 
as an Index to the GOg absorption capacity of the GGp-lesn absorbing fluid. In the present invention, it is preferable to 
use an absorbing fluid of which this absorption level is not lass than W Mrr? per ton of solvent and more preferably not 
less than 40 Mm* per ton of solvent. 

as Specific examples of the: aforesaid absorbing fluid Include an aqueous solution of M-msfhyldiefhano?amsns 
pDE% m aqueous solution of triefeanoiamine, and an aqueous solution of potassium oastsonsta as well as these 
ssiutions Having a GG S absorption prosper reg., pipsfasine) added thereto. 

Vlmen it is desired to absorb and remove highly concentrated GO s prssenf in nsturgl gas and thereby obtain the 
separated GG 2 in a high-pressure stats suitable for use In tertiary oil recovery or for the underground storage of SO gl 

so the process ol the prasem invention has the advantage of simplifying the epolprnerd and reducing the enemy cost. 

m. i Illustrates an axsmpian/ system which can be employed to carry out the process for the removal of GG f from 
as high-pressure nature! gas in accordance with the present Invent ion: and 

FIG. 2 illustrates an mmplsx? system which can be employed to carry out a conventional process for me removal 
of GG a fron-niga pressure natural gas. 

detailed mscmmiQH of preferred em bgdiments 

•* 

An exemplary system wdlcn can fee employed to carry suHfee process of fha prsssnt invention Is specifically 
described below with reference to FIG. 1 , For purposes of compar ison, an exemplary system which has conventionally 
been employed is Illustrated in FIG. 2. 

in FIG. 1 , refemnes numeral 1 designates natural gas: 2, an absorption tower; 3, refined natural gas; 4 ( a CXVrieh 
«s absorbing fluid; S, a heat excdangsr ; 6. a beafar; 7, s rsgenes-ation lower; ;8, a GP^-l@an absorbing fluid; % a ooolar: 10, 
an overhead condenser ; 11, a separating drum; 12, a compressor; and 13, hlgh-prsssure GG S , By way of example, the 
condi^ons for removing GQ 2 from natural gas by employing the system or FIG. 1 and using a 45 wt% agaeous solution 
of mmm^m^^ af ® jm&to* Natural aas 1 having a GG a osntsnt of 26 vol.%, s pressure of 5S kg/cn? 2 
and atenwafyre of S5 5 C is fed to tbe lowsr part of an absorption tower 2. This ab 

* P» with an irregular packing material so fhatlbe asoe:nding nafural gas will come into efficient gas-liquid contact with 
a GG s -iean absorbing fluid fed to the upper part thereof. The refined natural gas 3 b&ving been freed of CGg by contact 
with the GCVIean absorbing fluid, which now has a CQ Z content of 2 vol.%, a tempsratore of S0°C and apressurs of 
m ^ctrf , is discharged from the top of absorption tower 2. Or? i U4 otri^ilaRa, .9m CtMears sfesortsbg fluid having 
absorbed GG 8 turns m a GO r rich absodolng m 4, which is transfeoecs to a regensralion stefs by means of a pump 

The rsgene^on step e^sarstiaiy Gompnses a hm. exchanger § f a healer S ar^ B ragsnaratb GQrrich 
absqrblng .ifcsd 4 C heated in heat mchanger S by hm exchange with a hoi QQ^mn absorbing ■ fluid 8 v^hich w$ m 
tm^hm mm, mtt\w maim with heater 6 using steam as ^ lieatGSC^r^, Bnd ti^en f ^i.. to. f^g^sgrsiion mm ?< The 
p&pam:i$ r^gen^on tow^r ?>® to carafe COg, w^seft hm fmn-^^ W^ mmmki hmrnig, mm the 
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absosfeingfya to produce a GGg-iean absorbing fm. mmh MusOSSona heats* such as a raboste is not required, 
It may hs installed as desired, the liberated GO-j is cooi*c' in overhaad condenser 10 and separated iron? any entrained 
afesomsnq fluid in a ssoaraiing drum 1 1 , This CO-?, whish has & relatively hiigh pressure of SS kg/em 2 a! about 40*0, is 
compressed ie a pressure of m kgrf by means sf a compressor 12 . The resulting hi#-prassure CO £ is usad fer 
purposes of tertiary oil recovery or stored In the earth. 

Oft th$o!hs*rha^\ the G0 2 4esn absorbing f^uld 3 Withdrawn from the:botfom ofregeneration tower 7, which hasa 
immr^um sfabout140*C, is cooled irr'hs^t ^changer 5 by heating CQ r hoh absoibmg f^o 4. m dsmthM above, 
further cooladw^ 
tower 2. 

mm f m prmmiw m mmovalof Q£% front high-pressure natural gas in .mmmmx® with the 

present invention : .is compared with a conventional system ^u$tr ats<s In FICl 2, In RQ, 2, the uni ts and elemerns hmm 
the -aanie functus ^s *ose shown ;n fO, 1 are designated by the same mmmcB numeral, in fee sy^rn off 10, 2, 
natural gas 1 Is tad in l^e sar?^ manner as In FIG, 1 , and CO? is absorbed removed herefrom under the same con- 
dffions as /to RG 1. The resulting gas is discharged from the top d ebsorption tm&r 2 as refined natural gas & On the 
ether hsnd the raetifting GO r hch acting fluid 4 is withdraw* by means Of a pump and ibm liofrm} in a first W 
drum 21 fe: produce the liberated CO £ 32 and the absorbing fluid having a redded GQ Z content The latter Is further 
heated with a heater 22 and fed to a second flash drum 23 where It Is flashed: again. The liberated CD S 33 ie reco^r&d 
bv v*&y of en warhead condenser 24 and a first separating drum 25;. Since the CO- ^berated in second flash drum 23 
n&s' apjp?oxir$at&y • simospb§nc pressure, it $s compressed with si f trst compressor 2S snd combines the atee&a^d 
liberated 00^ 32. The combined GO- is passed through a second separating drum 2?, a second comprsssor 26, a third 
separating drum 29 and a third compressor 30 to obtain hi^h-pressura C0 2 31 havi ng a: pressure of about 150 kg/cm* 
On^the 0^ hand, ^ db^f^i absorb* ha IkMi B o&t^ned at aonro^mntelv ^imnsnhenc nres&ur* Is orsssiir&ed with 
a p»r^§ pump and cooled w^th a cooler 34 to produce a OQ r iean absorbing f luid 8< whioh Is fed to the upper par! 
d absorption tower 2. 

it Is evident from a comparison of PIGs, land 2 that, in order to obtain the liberated CO s h^ng an Identical pre* 
sure of 150 kgvcnt". the process of the present ■ Invention ^.^ustrsted In HQ. 1 brings about a marked simplification of 
equipment, Un iarticular, it can be seen thai the number of compressors involving a rotary dhvino mBChamm requiring; 
tm^blesome operational management can be largely decreased. Moreover, in the case where the aforesaid: aqueous 
sdbfcn or MDEA Is used as absorbing fluid, the amounts or Energy required for both isystsms have been cafeufated 
irm the saturated CQ S absorption curvelor the absorbing fluid, and the resorts thus obtained are summarised fa %m. 
1 s The thermal efficiency of power units is supposed to be 25% 
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| Feed rate of natural gas (Nrn : VM) (25 y C; 58 kg/cn#; CQo content, 26 
| vol%) 






| Discharge rate of rained -riatiiralVgas (Nnr/H) (50 ? C; 57.8 kg/cm 2 ; ] 
jC'Qg content; 2 W.%) 


28,3*0 


28,310 | 


\ Circulation rats of absorbing ffcsci (T/H) 


SSS 










| CD S pressure at the outlet of f irst oo repressor |kgfcrn £ ) (Conprss- j 




48 (450 5 1 
> 


: \A*>? pf ^S y r e » i ' DU:>'? ; OT v# >u vOn>pi 8SSO ; vi\^ v H) j !w v ::l - 

| pressor power; kW) 






| CQ? pressure at the oytfet of tl;im compressor (Kg/crf) (Compres- 
| sor povv^r. kW) 




1SQ (695) | 


j CO, pressure at the outlet oi compressor 1 2 (kg/cr^) (Compressor 


1-60 (181) 




| Power oiner then CCb compressor power (kW) 


io 


— | 




§81 


3,841 | 


TQ^i.c^ars% "of heat vSedlo heat 0O r r;ch absorbing 8uld (Kcal*) 


10.5x10* i tl07XtO € | 


-(KW): (thferm&J Mic^noy r* * 25%) 


mm \ s.ssg | 
i i 



i v & jj-i uce^s ^or : e?Dvva: o> *\f von^snti aseii. o^n oj^XiOS rrom n*g?rps ^ ? ^a.uj? oas wn?cn ^n^5us«fe an 
absorption ste? 01 brfegi^ h^H^ressure na^rai gas 'having, a .csMfeon dioxide par^sl p? ^ure of 2 kg/om- l£b$o* 
Me pressure) or gre^fe and a pressure of 30 kg/cm 2 (abeo^e pressure) or greater Jn^ §as-!lquld contact wth a 
regensrsfad oarbon dbxld^^san afcsating : f :oonpri.sin§. a c^bon dioxkie: ab$orbir^ f y d of whloh a dteenoa 
n m satiated carbon diox^e iabsorptbn lev^s between 40% end 125% m not less than 30 iSlm s per ton of sonant at 
a carbon $m*S® partial pressure of £ kg/om- (aosqiute pressiire), whereby highly oonoenlrafed oarbon dio^e 
orient *n \h& bm>^mur^ mlumi cm is shmthsti ii^othe mtimn dioxid^l^n absorbincs fluid ^ oroduo^ refj^ 
naturalges having a reduced oarbon dSoxide content am a carbon db$dite^dl-^3ei^ 

step of heating .the carbon ^o^ds-r^ch absorbing fiuid^ ^ wherry high^rassum carbon 

sDbcroing ;*U5G $s r^y^ne?a^.evj anu > ^cyc^s to? usa so sajo ausorpvioo 

prists an ^omtioh'step of bhngjng high^mssum natural gas. having a carbon dLdde partial pressure of 2 
^ h$m 2 (absolute pressure) or greater and a pressure of 30 kg/crn^ (absoiufe pressure) or greater Info gas4tau& 
mmm pm ^xmmm^ Wm mm^m sbmmg ^ comprising a carbon dio^de absorbing tm of 
which a difierenoe in saturated oajfeon di^de absorpljon leve! be^sen 40^G and ISO^C not fes fian SO N?# 
par ton of solvent at a carfeon dfcx^da partial pressure of 2 kg/cn^ (absolute pmm$i whereby highly xmmt 
traiad carbon diojride present In the high-pressM^ natural gas Is absorbed into the carbon dioxlde-iaan absorbing 
ihM to produce refined natural gas having a reduoed carbon dio5dde content and a carbon dioxida-rteh absoming 
fluid: and a regen§ratfon stsp of heating the cmm mmmlmBbmUm Wi^V«tfitf»0flfcA" 4*ef»««fcurfeEir^".a* whirry 

^^edJhto a ground, and a carbon dloxida^ean absorbing ffeid Is reganemtecl knd recycled tor use L said 



A process m*:mmt # h*§f% mmmr&m oarte <fe^ present # tiuhvmw& mtm m com? 
prises an s^j^on st^ of bringing natural gas having a carbon dioxide partial pressure of. 2 

ka^m 2 (absdofs pressure) <® wmim and a pressure ef 30 kg/cm* (absolute pressure} or greater into gss-isguid 
contact wm a regenerate carbon mmmmn absorbing fluid comprising a carbon dioxide absorbing fluid of 
which a dvance in saturated <arbon dioxide abaofpaso \w& imm® 43«€ and ISO'S is notiassthan SO Nm 3 
per ton of solvent at a carbon dioxide partial pressure ef 2 kg/cm 2 (absolute pressure), whereby highly ccnssn- 
iraled oajteoo dioxide prssani in the hlgfmprassurs natural gas is abashed into carte dioxide-lean absorbing 
fluid ?o produce refined datura! gas having. s reduced castson dioxide contact and a carbon dioxide-rich absorbing 
fiuid; and a regeneration step of heating the carbon dioxide-rich absorbing fluid without depressurlzsng % whsrefoy 
high-pressure carbon dioxide having a pressure of 10 kQ&m 2 (abssiuta pressure) or greater is liberated and 
rets-ned to a top -of w «r?darground oil stratum, and a earbon dioxideiesn absorbing fluid is regenerated and recy- 
cled for use in said absorption step. 

A system for separating bighiy concensetad 00, from high-pressure natural gas to produce higrv-pfassurs C0 2 
web composes an adaption tower for bringing an ascending how of natural gas fed to the lower part thersofinfo 
gas-M ccntaci with a SO^-laan absorbing fluid fed to an upper past thereof, so as to produce a OO r rioh absorb- 
ingly Id screened natural gas; beating means for heating lie 0O s mch absorbing fluid; a regeneration tower tor 
separating the GO? liberated by heating from the absorbing fluid to regenerate a CO r !ean absorbing 

fluid; separation means for separating the CO s from any entrained absorbing f luid; cun-ipression means for com- 
pressing the: 0G a separated from the entrained absorbing fluid; and cooling means for cooling the 0O s -!ean 
absorbing fluid and recycling li is lbs upper part of said absorption tower. 
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